We compared two Campylobacter serotyping systems by using 1,405 isolates of Campylobacter collected from hurhan, animal, and environmental sources during epidemiologic investigations and special studies. We found 96.1% of isolates to be typable by the Penner method for heat-stable antigens, which involved the use of an indirect hemagglutination technique, and 92.1% of isolates to be typable by the Lior method for heat-labile antigens, which involved the use of a slide agglutination technique and absorbed antisera. Absorbed antisera were not required for the Penner method, making that method less difficult to implement. The Lior method was simpler to perform and gave more rapid results than did the Penner method. Cultures frequently reacted in multiple antisera with the Penner method, whereas multiple reactions were rare with the Lior method. Thus, results were easier to interpret with the Lior system. Strains of a single serotype in one system were sometimes found to be multiple serotypes in the other system; hence, the two methods have the potential to be complementary. Both systems were comparable in serotyping isolates from human and nonhuman sources and for evaluating the relationship of strains collected during outbreak investigations.
Campylobacter jejuni has been established as one of the most common causes of bacterial enteritis in humans (4, 6, 23, 25) . Consequently, interest in the epidemiology of Cam- pylobacter infections has prompted renewed interest in the development of serotyping methods to distinguish strains. Most early studies to serotype strains of Campylobacter (then classified as Vibrio) were mainly done with animal strains by using slide or tube agglutination procedures (2, 3, 18, 24) . Methods that have been developed since 1980 are more similar to those used with members of the family Enterobacteriaceae. These involve the separation of the somatic, flagellar, and capsular antigens (0, H, and K), which depend mainly on tolerance to heat. Serotyping schemes for Campylobacter dependent on thermostable and thermolabile antigens, or both, have recently been described. Both heat-labile and heat-stable antigens have been demonstrated by a variety of procedures that were found useful in serotyping Campylobacter (1, 13, 14, 17) . In independent work, Penner and Hennessy (20) and Lauwers et al. (15) developed serotyping methods based on soluble heat-stable antigens and the passive hemagglutination technique. Both groups used unabsorbed antisera. The slide agglutination scheme of Lior et al. (17) was developed to detect heat-labile antigenic factors by using live, whole cells.
They used antisera absorbed with heat-stable and crossreacting heat-labile antigens to yield monospecific activity to heat-labile antigens. Itoh et al. (12) and Rogol et al. (22) have described serotyping schemes with methods similar to the Lior system. Hdbert et al. (10) developed a direct fluorescent antibody procedure for serogrouping C. jejuni, C. coli, and C. fetus. The antigens detected by this system were not defined, but presumably both heat-stable and heat-labile antigens were involved.
We selected the Penner and Lior serotyping methods as representative of the methods most commonly used today and compared them by using 1,405 Campylobacter strains collected from epidemic investigations, special studies, and COMPARISON OF METHODS FOR SEROTYPING CAMPYLOBACTER SPP. prepared and antisera were produced to 57 Campylobacter reference strains. They were numbered 1 through 56. Two antisera were prepared for serotype 5: one with a C. jejuni immunizing strain (antiserum 5+) and one with a C. coli immunizing strain (antiserum 5-). The antisera were prepared by the procedures of Penner and Hennessy (20) , except that immunizing antigens were prepared from growth on HIA-RB after incubation in an atmosphere of approximately 5% 02-8% C02-87% N2. Also, rabbits were immunized with 1 and 2 ml of single-strength concentration of live cells suspended to an optical density of 0.375 at 625 nm (determined with a Spectronic 20 spectrophotometer [20] ) and then with 1 and 2 ml of double-strength concentration of cells and 2 ml of a fourfold concentration of cells in agreement with the antigen preparation and immunization schedule of Penner and Hennessy. Each hyperimmune rabbit antiserum was titrated for antibodies to the homologous antigen and to each of the 56 heterologous antigens by the passive hemagglutination technique described by Penner and Hennessy. Forty-nine of 57 antisera showed titers to more than one antigen. Each unabsorbed antiserum was used without adjustment of the titers and without absorption. The antisera were not pooled because of the numerous crossreactions. J. Penner kindly provided us with aliquots of antisera to serotype 5 (C. jejuni), 14, and 49, because those three antisera prepared at the Centers for Disease Control were low in titer. All antisera were aliquoted in 4-ml volumes and stored at -20°C.
(ii) Lior system. Bacterial suspensions of 55 Campylobacter reference strains were prepared in 0.01 M phosphatebuffered saline (pH 7.2) containing 0.5% Formalin, and rabbits were immunized as indicated by Lior et al. (17) . Each rabbit was test bled, and the tube agglutination titer to the homologous antigen was determined for each antiserum as described by Lior et al. (17) . Animals with serum titers of < 1: 1,600 by tube agglutination were given one or two booster injections. Rabbits were bled by cardiac puncture 7 to 10 days after the last injection. Homologous titers and heterologous reactions by slide agglutination in antiserum diluted 1:5 were also determined for the crude unabsorbed antiserum.
Antisera were absorbed to remove homologous heatstable and heterologous heat-labile antibodies by the Lior procedure. For absorption of heat-stable antibody, cells from 15 to 20 large plates (15 by 150 mm) were harvested in phosphate-buffered saline, heated at 100°C for 2 h, washed three times, and mixed with serum. The serum-cell mixture was incubated at 50°C for 2 h and overnight at 4°C. Cells were removed by centrifugation, and absorbed sera were tested with heated cells to determine whether further absorptions were needed. Forty-three sera required two or more absorptions to remove the homologous heat-stable antibody.
After removal of homologous heat-stable antibodies, sera were tested for antibodies to heterologous heat-labile factors by slide agglutination with the Lior reference strains that showed a cross-reaction in the crude unabsorbed antisera. Few heterologous cross-reacting antibodies were observed, and those were removed, usually by one absorption, in a manner similar to removal of homologous heat-stable antibodies, except that cells for the absorptions were formalinized rather than heated. The working dilution of each absorbed and unabsorbed serum was determined by slide agglutination with twofold serial dilutions, starting with an initial serum dilution of 1:5 (17) . The working dilution was one or two dilutions below the highest dilution yielding a 3+ or 4+ reaction with the homologous strain. The unabsorbed and absorbed antisera were preserved with a 1:10,000 dilution of thimerosal and stored at 4°C. We observed a drop in titer of two or more dilutions in 13 of 52 antisera held for up to 6 months at 4°C. The maximum drop in titer was four dilutions from 1:1,280 to 1:80 in 1 of 13 antisera. The antisera were then aliquoted in 3-ml volumes and stored at -20°C.
Aliquots of antisera to 55 reference strains and polyvalent antisera for pools 7, 8, and 9 were kindly provided by H. Lior for use as reference antisera.
The hyperimmune antisera obtained after immunization by the Penner and Lior methods were similar. Antibodies to both heat-stable and heat-labile antigens were present in the crude unabsorbed antisera prepared for each system. Different immunizing (reference) strains were used for each system; therefore, the antisera prepared for each system were handled separately.
Serotyping procedures. (i) Penner system. All isolates were serotyped on the basis of heat-stable somatic (0) lipopolysaccharide antigens by the microtiter passive hemagglutination method described by Penner and Hennessy (20 (20) . All microtiter plates used for screening and titer determination were placed on a cloth towel moistened with water, and the plates were wrapped in the damp towel during incubation periods to avoid the effects of static electricity. Titers If the test strain reacted in more than one antiserum, the Penner serotype was indicated by listing all reactive antisera in order by strength of titer activity, with the antigen giving the highest titer listed first. If multiple antigens reacted to the same titer, the antigens were listed in numerical order. Weak reproducible antigens were included in the serotype, if one or more strong antigens were present. Strains that were (ii) Lior system. All isolates were serotyped on the basis of heat-labile antigenic factors by the slide agglutination procedure of Lior et al. (17) . Isolates were grown on MuellerHinton agar (Oxoid Ltd., London, England) with 5% sheep blood for 48 h at 37°C or 24 h at 42°C. Single colonies were transferred and grown on Mueller-Hinton agar with 5% sheep blood for 48 h in a microaerobic atmosphere, and a heavy suspehsion of live cells was prepared in 0.5% DNase solution in phosphate-buffered saline. For screening purposes, nine pools of polyvalent unabsorbed sera were prepared. Isolates that reacted in pooled antisera were tested in the individual unabsorbed antisera of the reacting pool. The serotype was confirmed by testing the isolate in the individual absorbed antiserum. Isolates were identified as follows: typable, which agglutinated in unabsorbed and absorbed hyperimmune antisera, usually only one antiserum; nontypable, which gave no reaction in typing antisera; and rough, which agglutinated in all or most unabsorbed antisera. Strains that were nontypable or rough were subcultured 5 to 10 times and retested. The isolates that were typable belonged to 53 serotypes in the Penner system and 48 serotypes in the Lior system. In the Penner system, the human isolates found to be typable belonged to 49 serotypes, and strains were identified in all serotypes except C. jejuni serotypes 9, 27, 32, 40, 52, and C. coli serotypes 20 Serotyping isolates from outbreaks and clusters. Results of serotyping Campylobacter isolates from eight outbreaks (four waterborne and four milk-borne) by both the Penner and the Lior system are indicated in Table 2 . In three of the milk-borne outbreaks, numbers 3, 6, and 7, the same serotype was isolated from humans and from either the milk or the cows epidemiologically implicated in the outbreak. The isolates from both the human and the nonhuman sources in each of the three outbreaks were the same serotype by each of the serotyping methods. In outbreaks 1, 2, 4, and 5, both serotyping systems showed comparable results, i.e., the isolates from the nonhuman source, when available, were not identified as being of the same serotype as the human isolates by either system. In outbreak 2, no single serotype was implicated by either system. In the waterborne outbreak in Florida, the isolates obtained from birds, sus In cluster 4, two human strains and one pet strain were Lio 28, whereas three human strains had Lio 28 and Lio 53 antigens. The presence of two heat-labile antigens in the latter strains indicated that they may be different from the strains that were Lio 28 only. However, by the Penner system all six strains were the same serotype, Pen 56,37.
RESULTS
A similar situation occurred in cluster 7. Two strains had Lio 4 and Lio 36 antigens, indicating that they may be different serotypes from the two strains that were Lio 36 only. All Serotyping by either system was particularly useful in analyzing strains from disease outbreaks. Strains which were isolated during outbreaks and serotyped blindly like the sporadic strains were readily typable by each system, and the serotypes were usually consistent. Both systems were equally useful in correlating the relationship of the strains to the source of the outbreak. The value of these serotyping systems for epidemiologic investigations confirms the reports of Chan et al. (8) , who found the Penner system to be useful in the study of the epidemiology of family outbreaks of C. jejuni, and Wilson et al. (31) , who used both the Lior 
